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Introduction 



Large Eddy Simulation 
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 – density,  

u – vector of velocity,  

E – full energy to mass unit,   

H – full enthalpy to mass unit,   

 – viscous stress tensor,  

q – heat stream vector.  
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Smagorinsky-Lilly subgrid viscosity model 

 – turbulent viscosity; 

 – density; 

e  – rate of dissipation; 

lm – mixing linear scale; 

S – strain rate tensor; 

CLES = 0.17 – Smagorinsky constant; 

 – typical cell size; (Here – the  

       maximal diagonal of the cell.) 

 – Karman constant; 

y – distance to the wall. 
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Log law of the wall 

 u u u y

  y+=yu/n;  
 

u – friction velocity, u+ – universal function,  

n - molecular viscosity, y – distance to the wall. 

______________________________________________________________________________________________________ 

Japan-Russia workshop on supercomputer modeling, instability and turbulence in fluid dynamics 

Moscow 2015 



Velocity profile approximation 
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Inverting of the log law 
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Inverting of the log law 

  

  

 

1. y+ < 2  F < 2  

2. 2 < y+ < 60  2 < F < 696.68  

3. y+ > 60  F > 696.68  

1.  Fy 21 

2.  F  2. 7.89 17.183 29.276 43.97 142.7 401.79 696.68 

y+  2. 4. 6. 8. 10. 20. 40 60. 

dy+/dF 0.5 0.256 0.185 0.149 0.125 0.0851 0.0706 0.0652 
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Newton iterations 
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Boundary condition 
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Flat plate 

Boundary layer on the flat plate. M=0.1 Re=2*106  L = 5 m 

Vertical coordinate is multiplied to 10. 

Relative horizontal velocity is showed. 

______________________________________________________________________________________________________ 

Japan-Russia workshop on supercomputer modeling, instability and turbulence in fluid dynamics 

Moscow 2015 



Flat plate 

Boundary layer on the flat plate. M=0.1 Re=2*106  L = 5 m 

Vertical coordinate is multiplied to 10. 

Relative horizontal velocity near the edge of the plate. 
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Flat plate 

Friction coefficient on the flat plate.  
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Flat plate 

y+ in the centers of near-wall cells.  
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Flat plate 

Profile of velocities on x = 4.387  
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Flat plate 

Profile of velocities on x = 4.387, log scale.  

______________________________________________________________________________________________________ 

Japan-Russia workshop on supercomputer modeling, instability and turbulence in fluid dynamics 

Moscow 2015 



ONERA M6 wing 

The grid.  

M=0.8395, Re=11.72*106, a=3.060 
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ONERA M6 wing 

Mach number on z=0.65b section.  
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ONERA M6 wing 

Pressure coefficient on z=0.65b section.  
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